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Summary
Background: Although stress-induced myocardial stunning often develops after exercise testing,
determinants of this phenomenon have not been evaluated.
Methods and results: Thirty-one patients with 1-vessel coronary artery disease, limited to the
left anterior descending artery (LAD), were evaluated by quantitative coronary angiography
(QCA) and intracoronary pressure measurements to calculate fractional ﬂow reserve (FFR). In
addition, electrocardiogram-gated technetium-99m sestamibi myocardial imaging was acquired
>30min after exercise and 4 h later to assess the development of stunning. Exercise-induced
myocardial stunning was observed in 11 patients (35%). In patients with myocardial stunning, a
summed stress score (17.3± 7.1 vs. 8.1± 6.2, p < 0.001), summed difference score (10.3± 4.1
vs. 2.7± 1.9, p < 0.0001), and wall motion difference score (4.8± 2.8 vs. 0.9± 1.1, p < 0.0001)
were greater than in those without, while diameter stenosis calculated by QCA (55.1± 17.3% vs.
29.8± 17.3%, p < 0.0001) was greater and FFR reduced signiﬁcantly (0.54± 0.13 vs. 0.83± 0.06,
p < 0.0001). Of note, 4 out of 21 patients (19%) with <50% LAD stenosis developed myocardial
stunning, whereas only one patient with FFR of 0.64 or greater showed stunning. The best
cut-off value was determined as 0.64 for FFR and 46% for QCA, providing 91% sensitivity and
100% speciﬁcity for FFR (chi-square = 57.2), but 91% sensitivity and 80% speciﬁcity for diameter
stenoses measured by QCA (chi-square = 17.8).
Conclusions: The major determinant for exercise-induced myocardial stunning was a severe
ﬂow-limiting coronary stenosis, which was more important than anatomical evaluation based
on luminal narrowing alone.
© 2010 Japanese College of Cardiology. Published by Elsevier Ireland Ltd. All rights reserved.
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ntroduction
uring stress-induced ischemia, not only myocardial perfu-
ion abnormalities but also ischemia-related wall motion
bnormalities are detected either by myocardial perfu-
ion imaging or by dobutamine stress echocardiography [1].
ustained wall motion abnormalities >30min after the ces-
ation of exercise have also been reported [2—5]. However,
echanisms of sustained left ventricular (LV) wall motion
bnormalities, i.e. post-ischemic stunning are not known.
n an experimental model, animals with acute ischemia
aused by the loss of oxygen supply through coronary lig-
tion and reperfusion develop myocardial stunning [6]. In
xercise stress, both inadequate oxygen supply and increase
n demand may play separate roles in the development of
tunning; the former may depend on the functional severity
f stenosis of the responsible coronary artery. The develop-
ent of a pressure-wire that allows the measurements of
he pressure gradient across a coronary stenosis has facili-
ated the use of the myocardial fractional ﬂow reserve (FFR)
s a simple, pressure-derived index of the functional sever-
ty of coronary artery stenosis [7,8]. This approach, which
s based on physiological assessment of coronary artery
tenosis, rather than anatomical evaluation, is adequate for
ssessing stress-induced myocardial ischemia [9]. Thus, the
resent study was performed to elucidate the determinants
f exercise-induced myocardial stunning, by assessing func-
ional and anatomical severity of coronary artery stenosis,
n addition to exercise physiology, and electrocardiographic
nd scintigraphic parameters.
ethods
ubjects
he subjects of this study were 31 consecutive patients,
ith known or suspected coronary artery disease (CAD),
ho underwent exercise stress myocardial perfusion single-
hoton emission computed tomography (SPECT) using
echnetium-99m sestamibi, and who also underwent intra-
oronary pressure measurements for anatomically inter-
ediate stenosis of visual assessment of the left anterior
escending coronary artery (LAD). Patients with previous
oronary angioplasty were considered to have known CAD,
hile those with clinical risk proﬁles, symptoms or elec-
rocardiographic abnormalities were considered as having
uspected CAD. In total, this consisted of 29 men and 2
omen, with a mean age of 62± 11 years. Patients with
history of acute myocardial infarction, unstable angina,
oronary artery bypass graft surgery, or previous percu-
aneous coronary intervention within 1 month prior to
he study were excluded. No electrocardiographic sign of
yocardial ischemia such as an abnormal Q wave or negative
-wave was found in all of the patients at baseline. In addi-
ion, patients with a signiﬁcant stenosis in the right coronary
rtery or left circumﬂex artery were excluded to eliminate
potential confounding effect of exercise-induced ischemia
hich was remote from the investigated territory. Concern-
ng the presence of risk factors for CAD, 22 patients (71%)
ad hypertension, 23 (74%) had hypercholesterolemia, and
3 (42%) had diabetes mellitus. Of the 31 patients, 9 had a
e
s
p
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istory of coronary angioplasty for the LAD. We retrospec-
ively enrolled the patients for study analysis after reviewing
he medical records. Written informed consent was obtained
rom all of the patients before undergoing coronary angiog-
aphy and FFR measurements.
tress technetium-99m sestamibi SPECT
o successfully obtain adequate gated SPECT imaging,
atients with atrial ﬁbrillation or frequent extrasystoles
ere excluded. In addition, patients in whom automat-
cally derived LV volumes could not be measured as a
esult of severe perfusion defects were excluded. All
atients underwent an exercise stress/rest myocardial
PECT study according to a 1-day protocol with technetium-
9m sestamibi. Symptom-limited multistep exercise using
bicycle ergometer was performed. Technetium-99m ses-
amibi (259MBq) was administered intravenously when
ubmaximal heart rate, chest pain, ST-segment depression
f 0.1mV or greater, lower limb fatigue, or severe arrhyth-
ia developed. Exercise was then continued for 1min at the
ame level as before. Electrocardiogram immediately after
he exercise was compared with that obtained at rest for the
agnitude of ST-segment depression, which was measured
0ms after the J point. Thirty minutes after this last ses-
ion of exercise, electrocardiogram-gated myocardial SPECT
as acquired. Four hours later, the patients were given
echnetium-99m sestamibi (777 MBq) while at rest. Thirty
inutes later, we started to acquire the electrocardiogram-
ated myocardial SPECT images.
Data were acquired with a 3-detector gamma cam-
ra (Prism 3000XP, Picker, Cleveland, OH, USA) over a
60-degree arc (in 20 six-degree-wide directions, with
0 s/direction). A low-energy high-resolution parallel multi-
ole collimator was used, with a maximum matrix size of
4× 64. When taking electrocardiogram-gated images, the
-R interval was divided by the R-wave trigger into 8 equal
ortions. End-diastolic and end-systolic images were thus
btained. All of the patients were in sinus rhythm during the
mage acquisition. SPECT images were reconstructed from
he data using a data Odyssey VP processor (Picker) com-
ined with a Butterworth ﬁlter (order 8; cut-off frequency
.25 cycle/cm) and a ramp ﬁlter [10].
According to a method reported elsewhere [11], each
PECT image was scored using a 17-segment model. The
ccumulation of the radioisotope in the myocardium was
isually evaluated by 2 cardiologists, without any knowledge
f patient information, using a 5-point scoring system: 0
normal), 1 (slight reduction of uptake), 2 (moderate reduc-
ion of uptake), 3 (severe reduction of uptake), or 4 (absent
f radioactive uptake). Disagreements in image interpreta-
ion were resolved by consensus. The total of the scores for
ll of the segments, during exercise and at rest, were des-
gnated as the summed stress score (SSS) and the summed
est score (SRS), respectively. The sum of the differences
etween the SSS and SRS was deﬁned as the summed differ-
nce score (SDS) to assess the overall extent and severity of
tress-induced myocardial ischemia.
Each reconstructed short-axis gated SPECT image was
rocessed by a quantitative gated SPECT program devel-
ped by Germano (Cedars-Sinai Medical Center, Los Angeles,
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CA, USA), to calculate the LV end-diastolic volume, LV end-
systolic volume, and LV ejection fraction [12]. In addition,
changes in LV volumes with stress were calculated as LV
end-diastolic volume after stress minus LV end-diastolic vol-
ume at rest, or LV end-systolic volume after stress minus LV
end-systolic volume at rest.
The simultaneously obtained, three-dimensional
electrocardiogram-gated images of the LV myocardium
(the end-diastolic peripheral image of the LV tunica intima
overlapped in the end-systolic image), were displayed
in 2 directions. One approximately corresponded to the
right anterior oblique 30◦ left ventriculography, the other
to the left anterior oblique 60◦ imaging. For the images
thus obtained, the periphery of the LV tunica intima was
divided into 7 areas, according to the American Heart
Association classiﬁcation of left ventriculograms. Five areas
(anterobasal, anterior, apical, inferior, and inferobasal)
were derived in the right anterior oblique view, and 2 areas
(septal and posterolateral) in the left anterior oblique
view. The regional wall motion of each area was visually
rated by 2 cardiologists, who were blinded to patient
information, with a 4-point scoring system: 0 (normal), 1
(mild-hypokinesis), 2 (moderate to severe hypokinesis), and
3 (akinesis or dyskinesis). The global wall motion score was
calculated by totaling the regional wall motion scores for all
7 areas. The changes in global wall motion score with stress,
deﬁned as a wall motion difference score (WMDS), were
obtained by subtracting the wall motion score at rest from
the score after stress. We deﬁned a deﬁnite stress-induced
wall motion change if a WMDS≥ 3 was documented after
the stress [5]. When this deﬁnite stress-induced wall motion
change was observed >30min after the stress, the develop-
ment of myocardial stunning was taken into consideration
[2—5]. This deﬁnition for myocardial stunning indicates
that in patients with a culprit LAD stenosis for example,
exercise-induced apical moderate-hypokinesis and anterior
mild-hypokinesis resolve completely at rest. More severe
and extensive exercise-induced wall motion abnormalities
were also included, but more mild abnormalities have not
been deﬁned as myocardial stunning.
Coronary angiography and FFR
All of the patients underwent coronary angiography within
3 months of gated SPECT. Multi-directional coronary angiog-
raphy was performed according to Judkins’ method. After
visual assessment of coronary arteries, intracoronary pres-
sure was measured for the LAD narrowing that was
angiographically suspected of causing myocardial ischemia.
A 0.014-in. guidewire with a mounted pressure sensor
(PressureWireTM, Radi Medical Systems; Uppsala, Sweden)
was placed across the lesion. To induce a maximal hyperemic
vascular response, 12mg of the papaverine hydrochloride,
as a vasodilator of resistance vessels, was injected into the
left coronary artery. Under conditions of maximal hyper-
emia, simultaneous recording of aortic pressure and distal
coronary pressure was performed. FFR was calculated as the
ratio of hyperemic mean distal coronary pressure to mean
aortic pressure [7,8].
Quantitative coronary angiography (QCA) was performed
to determine the severity of coronary artery narrowing using
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omputer-assisted edge detection algorithm (QCA-CMS ver-
ion 6.0, MEDIS, Leiden, The Netherlands). After calibration
ith the outer diameter of the contrast-ﬁlled catheter, the
inimal lumen diameter during diastole was measured in the
ngiographic projection with the smallest luminal diameter
f the worst stenosis.
tatistical analysis
esults are generally presented as mean value± SD or per-
entage. The Student’s unpaired t test or Mann—Whitney
-test was used to compare the means of the continuous
ariables, and contingency tables were analyzed using a chi-
quare test. Spearman’s correlation coefﬁcient was used
o estimate the correlation between FFR and SDS, WMDS.
he receiver-operating characteristic curves were used to
dentify the best cut-off value of FFR and luminal diameter
arrowing calculated by QCA to detect myocardial stunning.
p-value of <0.05 was considered statistically signiﬁcant.
nalyses were performed using the SPSS-PC+ computer pro-
ram (version 11.0, SPSS Inc., Chicago, IL, USA).
esults
linical characteristics of patients
rolonged LV wall motion abnormalities >30min after the
essation of exercise stress, which was regarded as myocar-
ial stunning, were observed in 11 patients (35%). No
igniﬁcant difference was observed in the clinical and angio-
raphic characteristics, except for a higher prevalence of
iabetes mellitus (73% vs. 25%; p < 0.01) in patients with
yocardial stunning than in those without (Table 1).
indings of exercise testing
mong 31 patients, chest pain was reported in 2 cases (6%),
nd signiﬁcant ST-segment depression on electrocardiogram
as observed in 11 cases (35%). In patients with myocar-
ial stunning, the incidences of chest pain (18% vs. 0%;
< 0.05) and ST-segment depression (73% vs. 15%; p < 0.01)
ere higher, and the magnitude of maximal ST-segment
epression (−0.21± 0.12mV vs. −0.10± 0.10mV; p < 0.01)
as greater than in those without stunning, whereas
he exercise duration (8.0± 2.5min vs. 8.2± 3.4min), the
xercise tolerance (6.1± 1.1 vs. 6.5± 1.6 METs), and the
ate-pressure product (27845± 4975 vs. 28425± 4526) were
imilar (Table 1).
indings of myocardial perfusion SPECT
here were no signiﬁcant differences between the 2 groups
n the baseline cardiac function, such as LV end-diastolic
olume, LV end-systolic volume, and LV ejection fraction at
est. Comparing indexes of cardiac function during stress,
V end-diastolic volume and LV end-systolic volume were
arger and LV ejection fraction was lower in patients with
yocardial stunning than in those without. In patients
ith myocardial stunning, SSS (17.3± 7.1 vs. 8.1± 6.2;
< 0.001), SDS (10.3± 4.1 vs. 2.7± 1.9; p < 0.0001), and
340 H. Tanaka et al.
Table 1 Comparison of clinical characteristics, exercise testing, scintigraphic and angiographic ﬁndings between patients with
and without myocardial stunning.
Patients with
myocardial stunning
(n = 11)
Patients without
myocardial stunning
(n = 20)
p-Value
Clinical characteristics
Age (years) 59± 11 63± 11 NS
Gender (men/women) 11/0 18/2 NS
Coronary risk factors
Hypertension 9 (82%) 13 (65%) NS
Hypercholesterolemia 8 (73%) 15 (75%) NS
Diabetes mellitus 8 (73%) 5 (25%) <0.01
History of percutaneous coronary intervention 2 (18%) 7 (35%) NS
Exercise testing
Peak heart rate achieved (beats/min) 135± 16 137± 11 NS
Exercise duration (min) 8.0± 2.5 8.2± 3.4 NS
Exercise tolerance (METs) 6.1± 1.1 6.5± 1.6 NS
Rate-pressure product 27845± 4975 28425± 4526 NS
Chest pain 2 (18%) 0 (0%) <0.05
ST-segment depression 8 (73%) 3 (15%) <0.01
Max ST depression (mV) -0.21± 0.12 -0.10± 0.10 <0.01
Scintigraphic ﬁndings
LV function at rest
LV end-diastolic volume (ml) 111± 29 90± 23 NS
LV end-systolic volume (ml) 47± 14 37± 16 NS
LV ejection fraction (%) 58± 7 60± 10 NS
LV function after stress
LV end-diastolic volume (ml) 112± 36 89± 24 <0.05
LV end-systolic volume (ml) 56± 22 37± 14 <0.01
LV ejection fraction (%) 51± 6 58± 7 <0.01
SSS 17.3± 7.1 8.1± 6.2 <0.001
SDS 10.3± 4.1 2.7± 1.9 <0.0001
WMDS 4.8± 2.8 0.9± 1.1 <0.0001
Angiographic ﬁndings
Diameter stenosis by QCA (%) 55.1± 17.3 29.8± 17.3 <0.0001
± 0.
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LV, left ventricular; SSS, summed stress score; SDS, summed diffe
coronary angiography; FFR, fractional ﬂow reserve.
MDS (4.8± 2.8 vs. 0.9± 1.1; p < 0.0001) were greater than
n those without.
unctional and anatomical assessment of coronary
rtery stenoses
or anatomically intermediate stenosis by visual assess-
ent of the LAD, FFR measurements resulted in 0.34—0.96
mean: 0.72± 0.17), while luminal diameter narrowing cal-
ulated by QCA was 12—75% (mean: 43± 21%). A signiﬁcant
egative correlation was observed between luminal diam-
ter narrowing and FFR (r =−0.82, p < 0.0001). In patients
ith myocardial stunning, diameter narrowing calculated by
CA (55.1± 17.3% vs. 29.8± 17.3%; p = 0.001) was greater
nd FFR was signiﬁcantly less (0.54± 0.13 vs. 0.83± 0.06,
< 0.0001) than in those without stunning (Table 1). The
m
t
w
i
t13 0.83± 0.06 <0.0001
e score; WMDS, wall motion difference score; QCA, quantitative
orrelations of SDS and WMDS with FFR in the LAD are
hown in Fig. 1. Both scintigraphic indexes signiﬁcantly cor-
elated with the FFR: SDS (r =−0.66, p < 0.0001) and WMDS
r =−0.58, p < 0.01). A typical case who developed exercise-
nduced myocardial stunning and also had a reduced FFR in
he LAD, is shown in Fig. 2.
eterminants of myocardial stunning
o determine the cut-off values of the severity of coronary
rtery stenosis for the development of exercise-induced
yocardial stunning, the receiver-operating characteris-
ic curve analysis was performed. The best cut-off value
as determined as 0.64 for FFR, providing 91% sensitiv-
ty and 100% speciﬁcity (chi-square = 57.2). The area under
he curve was 0.943. The relation between FFR and lumi-
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tFig. 1 Correlation between fractional ﬂow reserve (FFR) in the
and wall motion difference score (WMDS).
nal diameter narrowing calculated by QCA for identifying
myocardial stunning is shown in Fig. 3. Of note, 4 out of 21
patients (19%) with <50% LAD stenosis developed myocar-
dial stunning, whereas only one patient with FFR of 0.64 or
greater showed stunning.
The receiver-operating characteristic curve analysis was
repeated to identify the best cut-off value for luminal diam-
eter narrowing of the LAD for myocardial stunning. This
revealed the best cut-off value of 46% luminal stenosis by
QCA (the area under the curve = 0.868), but sensitivity of
91% and speciﬁcity of 80% (chi-square = 17.8) were lower as
compared with FFR.
Discussion
In the present study, myocardial stunning, as assessed by
gated SPECT, was observed in 35% of the patients with sus-
pected or known CAD. This incidence was slightly higher
than previous reports [5,13] because the group of patients
in this study was limited to single-vessel disease of the
LAD, in order to exclude a potential confounding effect
of exercise-induced ischemia which was remote from the
investigated territory. The extent and severity of exercise-
induced myocardial ischemia was considered greater in
patients with myocardial stunning than in those without,
since a higher incidence of ST-segment depression on elec-
trocardiogram and a greater SDS localized to the LAD
territory on myocardial perfusion imaging were observed
in patients with stunning. By contrast, the workload during
exercise stress was similar in the two groups, judging from
similar exercise duration, tolerance and the rate-pressure
products achieved. In this study, functional coronary artery
stenosis of the LAD was evaluated with FFR measure-
ments because conventional coronary angiography provides
two-dimensional images of a three-dimensional structure
and does not provide data on physiological signiﬁcance of
any lesion [9]. The FFR showed a signiﬁcant correlation
with an average regional WMDS, a scintigraphic marker for
myocardial stunning (Fig. 1). Furthermore, FFR was severely
reduced with a mean value of 0.54 in patients who devel-
oped myocardial stunning after the exercise stress, whereas
a cut-off value of FFR for myocardial ischemia is considered
as 0.75 [8]. Similar to FFR measurements, anatomical assess-
ment of luminal diameter narrowing of the LAD lesion also
detected the development of myocardial stunning. However,
ﬁ
e
f
t
eanterior descending artery and summed difference score (SDS)
he sensitivity and speciﬁcity to predict myocardial stunning
ith QCA were inferior to the results obtained by FFR. Of
ote, 4 out of 21 patients (19%) with <50% LAD stenosis devel-
ped myocardial stunning, whereas only one patient with
FR of 0.64 or greater showed stunning (Fig. 3). Thus, afore-
entioned results indicated that the major determinant for
xercise-induced myocardial stunning was a severe ﬂow-
imiting coronary stenosis, which was more important than
natomical evaluation based on luminal narrowing alone.
In the experimental model, acute ischemia caused by the
oss of oxygen supply by means of coronary ligation and
eperfusion develops myocardial stunning, with which no
emand ischemia is associated [6]. In patients with stable
ngina, Kloner et al. also observed wall motion abnormali-
ies using echocardiography that persisted for at least 30min
fter exercise [2]. Concerning the mechanism of myocar-
ial stunning in the exercise stress, in contrast to the
xperimental model, both inadequate oxygen supply due
o a signiﬁcant coronary artery narrowing and increase in
emand during exercise may have separate roles for the
evelopment of stunning. The results of this study indicated
hat inadequate oxygen supply which depended upon ﬂow-
imiting coronary stenosis was crucial in the development of
ost-ischemic stunning since all of the patients with FFR of
0.64 showed stunning. By contrast, in patients with mild
everity of ﬂow-limiting coronary stenosis with an average
FR of 0.83, myocardial stunning did not develop despite
similar amount of workload to patients with severely
educed FFR (Table 1). Thus, while an FFR of <0.75 rep-
esents a threshold for myocardial ischemia in a related
oronary territory, an FFR of <0.64 is regarded as a marker of
ow-limiting coronary stenosis for exercise-induced myocar-
ial stunning. To the best of our knowledge, this relationship
f FFR with myocardial stunning has been demonstrated for
he ﬁrst time in the current study.
The high prevalence of diabetic patients in this study may
ccount for the low frequency of chest pain during stress
esting. In addition, although not all of the patients who
eveloped myocardial stunning demonstrated ST-segment
epression during exercise testing, it is widely recognized
hat correct evaluation of myocardial ischemia is often dif-
cult and is suggested only by a cardiac symptom or an
lectrocardiographic sign of myocardial ischemia. There-
ore, coronary pressure-derived FFR, an objective index of
he functional severity of CAD, plays an important role in
valuation of myocardial ischemia and/or stunning.
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Fig. 2 Gated single-photon emission computed tomography (SPECT) image and coronary angiogram of a 67-year-old man. (A)
Myocardial perfusion and functional analysis. Reversible perfusion defects were observed in the anterior and septal segments. (B)
A three-dimensional surface display of electrocardiogram-gated myocardial SPECT images (end-systolic [solid surface] and end-
systolic [wire grid]) shows moderate to severe hypokinesis in the anterior and apical walls 30min or more after the cessation of
exercise, which almost resolved at rest. After exercise, left ventricular (LV) end-diastolic volume, LV end-systolic volume, and LV
e herea
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mjection fraction were 99mL, 49mL, and 51%, respectively, w
he coronary angiogram revealed single-vessel disease with a se
ractional ﬂow reserve (FFR) tracings showing an FFR of 0.57.
Functional abnormalities of the coronary microcircula-
ion have been the recent focus and endothelium-dependent
nd -independent coronary vasodilator functions may be
mpaired in patients with acute myocardial infarction or dia-
etes mellitus [14,15]. This may result in underestimation
f the pressure gradient in epicardial stenosis during hyper-
mia. Although patients with acute coronary syndrome were
p
c
l
p
ds they were 84mL, 29mL, and 65%, respectively, at rest. (C)
narrowing of the left anterior descending coronary artery. (D)
ot included in this study, a guarantee period of 1 month or
ore was set in order to exclude a confounding effect of
eri-procedural myocardial infarction during percutaneous
oronary intervention and subsequent coronary microcircu-
atory abnormalities [14]. By contrast, the fact that a higher
revalence of diabetes mellitus in patients with myocar-
ial stunning than in those without, may indicate a possible
FFR and stunning
Fig. 3 Scatter plots of fractional ﬂow reserve (FFR) vs. lumi-
nal diameter narrowing calculated by quantitative coronary
angiography in relation to myocardial stunning. The cut-off line
for luminal diameter narrowing is placed at 46% (horizontal
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Raxis), and that line for FFR is placed at 0.64 (vertical axis). The
patients with myocardial stunning are depicted as solid circles,
while those without stunning as open circles.
inﬂuence of functional abnormalities of the coronary micro-
circulation upon the results of this study.
The characteristics of technetium-99m sestamibi which
rarely redistributes, enables the assessment of myocardial
ischemia during stress and LV wall motion and function
at least 30min after the stress using electrocardiogram-
gated SPECT. The primary purpose of the delay for image
acquisition of technetium-99m sestamibi SPECT is to avoid
increased radioactivity in the biliary tract and to improve
image quality. Applying this principle, we evaluated LV wall
motion abnormalities that persisted for 30min or more
after stress, although stress-induced wall motion abnormal-
ities usually disappear rapidly once myocardial ischemia is
eliminated, there are a few cases in which wall motion
abnormalities remain, even >30min after elimination of the
ischemia; myocardial stunning being the apparent mecha-
nism in such cases [2—5]. However, this unique scintigraphic
ﬁnding is considered to be a perfusion-associated arti-
fact related to false edge detection because myocardial
stunning usually develops in the territories where severe
perfusion defects are observed. A recent study, never-
theless, demonstrated a higher incidence of myocardial
stunning with exercise than with pharmacologic vasodila-
tion, despite similar severity of perfusion defects [16]. While
pharmacologic stress using coronary vasodilators results in
predominantly an intramyocardial blood ﬂow maldistribu-
tion [17], standard exercise stress usually causes actual
ischemia in patients with CAD [16]. Thus, the predominant
mechanism of post-stress wall motion abnormality observed
by gated SPECT is thought to be severe myocardial ischemia,
but not perfusion-associated artifact.
Clinical implications
In the management of patients with CAD, assessing the indi-
cation for percutaneous coronary intervention is paramount
these days. Although objective evidence of a large amount
of ischemia is one of the major indications [18], a sim-
plistic approach based only on luminal diameter narrowing
is increasing due partly to the rapid proliferation of coro-
nary computed tomography [19]. A previous report has343
emonstrated that the anatomical assessment of a coro-
ary artery stenosis as determined by QCA and/or coronary
omputed tomography dose not correlate well with the func-
ional severity of coronary artery stenosis as assessed by
FR [20]. However, our results reinforced the importance
f physiologic assessment of myocardial ischemia as well as
unctional severity of coronary artery stenosis. Unnecessary
oronary intervention based solely on visual interpretation
f coronary lesions is widely criticized [18,19]. On the other
and, if one relies only on anatomical assessment of lumi-
al diameter narrowing, a considerable number of patients
ill also be missed, especially those who develop myocardial
schemia, so severe that stunning occurs during exercise.
he present study underscores the clinical importance of
he evaluation of myocardial ischemia and LV function during
tress tests.
tudy limitations
he present study has several limitations that are com-
on with any study relying on retrospective data collection.
owever, important ﬁndings of angiographic and scinti-
raphic studies have been prospectively collected and
tored in the department database. In addition, to assure
he reproducibility of the data, patients in whom LV volumes
ould not be measured automatically, because of severe
erfusion defects, were excluded. Furthermore, to elim-
nate a potential confounding effect of exercise-induced
schemia which was remote from the investigated territory,
nly patients with single-vessel disease limited to the LAD
ere studied. As a result, the study population has become
mall, while only ideal patients were studied. Thus, although
he conclusions reached on the basis of these data sound
cientiﬁc, a prospective large study is necessary.
onclusions
he major determinant for exercise-induced myocardial
tunning was a severe ﬂow-limiting coronary stenosis, which
as more important than anatomical evaluation based on
uminal narrowing alone.
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